###### Strengths and limitations of this study

-   This overview of systematic reviews will summarise a substantial body of evidence on the extrapulmonary effects of continuous positive airway pressure in patients with obstructive sleep apnoea, and it will provide a high-quality summary that is useful for clinicians and policy-makers.

-   This overview of systematic reviews will include critical and non-critical outcomes to establish new connections between obstructive sleep apnoea and chronic conditions, such as diabetes and blood pressure.

-   The main limitations are related to the quality, currency and coverage of the identified systematic reviews.

-   Another limitation is that new randomised controlled trials might not be included in published systematic reviews. In those cases, an evidence matrix provided by Epistemonikos will include new evidence and interested readers will be notified.

Introduction {#s1}
============

Obstructive sleep apnoea (OSA) is a chronic disease characterised by chronic intermittent hypoxia (CIH) secondary to an obstruction from the upper airways.[@R1] This disease is highly prevalent. Epidemiological studies report a prevalence of 2%--9% for women and 4%--24% for men; this prevalence is higher in obese patients (more than 30 kg/m^2^ of body mass index) with a prevalence of 40%.[@R2] The high-risk group includes patients with chronic arterial hypertension and hyperglycaemia.[@R4] OSA severity varies from mild OSA, defined by an apnoea/hypopnea index (AHI) with 5--15 events/hour, to moderate (AHI 15--30 events/hour) and severe (\>30 events/hour).[@R5]

Chronic hypoxia leads to several extrapulmonary changes, such as endothelial dysfunction, cardiovascular alterations, poor neurocognitive function and increases in the concentration of proinflammatory biomarkers.[@R1] These changes increase the risk of stroke, acute myocardial infarction, heart failure, diabetes mellitus, dyslipidaemia and non-alcoholic fatty liver disease (NAFLD), and these related conditions may suggest a global metabolic effect with dysfunction of several organs.[@R4]

Another relevant issue regarding the OSA pathology is sleep fragmentation and changes in sleep structure. Sleep deprivation is associated with changes in the white matter, which can affect attention and vigilance. However, CIH may decrease the structure of the blood--brain barrier.[@R9]

OSA treatment includes several medical and non-medical interventions.[@R1] For all patients with OSA, changes in sleepiness, physical activity and low weight therapies are suggested. Medical treatment includes the use of a continuous positive airway pressure (CPAP) device. CPAP increases the air flow, decreasing the number of upper airways that are collapsed and improving the effective sleep time. Current indications for CPAP include all severe OSA (AHI \>30 events/ hour) and moderate OSA (AHI 15--30 events/hours) patients with high cardiovascular risk.[@R1] On the one hand, this intervention has been shown to improve outcomes and decrease the cardiovascular risk and mortality in some observational studies.[@R1] On the other hand, this therapy is costly, and its widespread use would carry major implications for health systems.[@R1] A substantial improvement in extrapulmonary consequences would be a strong argument for considering the use of CPAP in a broader range of patients and for intensifying the efforts to improve the early diagnosis of OSA.[@R7]

Current clinical guidelines are focused on patient-focused outcomes[@R1] despite the surrogate outcomes and biomarkers related to CHI. In addition, because of the available data, other clinical conditions, such as dyslipidaemia, NAFLD and insulin resistance, are not current indications for treating patients with moderate OSA.[@R1]

However, an overview of the review (or an umbrella review) is a novel methodological approach with a clear objective that is designed to answer a clinical question about a healthcare intervention via explicit, reproducible methods. The data are collected and presented in a user-friendly format. This methodological approach is different from clinical guidelines.[@R14]

We anticipate that the information on the effects of this intervention will be substantial, although fragmented into different studies and systematic reviews, based on the worldwide interest in this topic and the broad nature of health outcomes that can be affected. Therefore, an overview of systematic reviews can provide a comprehensive picture of both the evidence needed to make decisions regarding this topic and the research gaps in this area.[@R15]

Objectives {#s2}
==========

The objective of this overview of systematic reviews will be to evaluate the current evidence of the effects of CPAP treatment on extrapulmonary outcomes associated with OSA.

Methods {#s3}
=======

This overview of systematic reviews will be performed according to recommendations of the Cochrane Collaboration[@R16] and an adaptation of the Preferred reporting items for systematic review and meta-analysis protocols PRISMA-P Statement, when pertinent.[@R17]

This overview of systematic reviews is registered in the PROSPERO registry: CRD42014013036.

Eligibility and inclusion criteria {#s3a}
----------------------------------

We will consider systematic reviews and primary studies included in those reviews that satisfy the following criteria:

### Type of reviews {#s3a1}

In this overview, we will consider systematic reviews that summarise randomised controlled studies according to the following definition:

In accordance with the Cochrane Collaboration and the PRISMA Statement, 'a systematic review attempts to collate all empirical evidence that fits pre-specified eligibility criteria to answer a specific research question. It uses explicit, systematic methods that are selected with a view to minimising bias, thus providing reliable findings from which conclusions can be drawn and decisions made'.[@R18]

An eligible review will need to fulfil the following operational criteria:To report a search in at least one electronic database.To report at least one criterion for the inclusion of studies.To report a pooled measure of effect for at least one outcome.To evaluate the quality (risk of bias) of the included primary studies.

### Type of participants {#s3a2}

We will include reviews that summarise studies on adult patients with OSA.

### Type of intervention {#s3a3}

We will include reviews that evaluate the effects of CPAP compared with no treatment, medical therapy or sham CPAP.

### Types of outcomes {#s3a4}

We will include reviews evaluating studies reporting any of the following outcomes:

Primary outcomes: patient-important outcomes that are not related to the direct effects of CPAP on respiratory parameters or pulmonary function, such asMortality.Cardiovascular diseases (different from pulmonary hypertension or right-side heart failure), including the development or worsening of systolic heart failure, acute myocardial infarction and stroke.

Secondary outcomes: surrogate outcomes that are considered good predictors of patient important outcomes.Development of hypertension or change in the blood pressure level.Development of diabetes mellitus type 2, glycaemic control or HbA1C levels.Neurological consequences (somnolence, sleepiness, cognitive function, occupational or driving accidents).

We will also consider some surrogate outcomes whose roles are controversial, although they are extensively studied, such as homeostatic model assessment test, high-sensitivity C-reactive protein, tumor necrosis factor-α (TNF-α) or interleukin-6 (IL-6) levels, leptin levels and lipid profile.

We will describe a subgroup analysis derived from systematic reviews according to the sleep apnoea severity, defined according to the AHI as mild, moderate or severe.

Literature search and search strategy {#s3b}
-------------------------------------

### Electronic searches {#s3b1}

We will conduct sensitive searches of MEDLINE, EMBASE, Cochrane Database of Systematic Reviews, CINAHL, Database of Abstract of Reviews of Effects (DARE) and Epistemonikos with no language or publication restrictions. A summary of the literature search is presented in online [supplementary material 1](#SP1){ref-type="supplementary-material"}.
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### Other sources {#s3b2}

The electronic search will be supplemented with the following:Review for additional relevant studies in the references of the included reviews.Review of the references of relevant narrative reviews and guidelines.

Data collection and analysis {#s3c}
----------------------------

### Selection of studies {#s3c1}

Two reviewers will independently screen titles and abstracts to identify relevant articles. The full text of potentially eligible reviews will be retrieved and independently evaluated by two authors for final inclusion. Disagreements will be addressed through discussion; if a consensus cannot be reached, a third author will resolve the disagreements.

### Data extraction {#s3c2}

Two reviewers will independently extract data from each included review using standardised forms. To ensure consistency, we will conduct calibration exercises before the review. Discrepancies in the extracted data will be resolved by discussion and, if needed, a third author will arbitrate.

We will extract the following information from the included systematic reviews:

Reference details: inclusion/exclusion criteria, design of included primary studies (randomised vs others), date of last search (if it is not described, we will count the date of the most recent study), risk of bias of assessment methods, meta-analysis and summary of findings table (GRADE).

We will also extract the list of included studies in the review.

Quality assessment of systematic reviews {#s3d}
----------------------------------------

We will evaluate the quality (risk of bias) of included systematic reviews through the AMSTAR measurement tool.[@R19] Two reviewers will independently use the checklist, and discrepancies will be resolved by consensus.

Data synthesis {#s3e}
--------------

### Comparison between reviews {#s3e1}

To compare different reviews addressing similar questions, we will create a matrix of evidence in the Epistemonikos database.[@R20] A matrix of evidence is a tabular approach for displaying the cluster of systematic reviews that share included studies. It includes all systematic reviews addressing a similar question (ie, sharing at least one included study) and all studies addressing the question in those reviews.[@R21] The table will be created independently by two reviewers, and differences will be resolved by consensus.

Finally, a summary of results and evidence grading will be performed using the GRADE method. We evaluate the evidence derived from randomised controlled trial (RCT) or observational studies, and we will downgrade or upgrade this evidence according to the GRADE approach.[@R22] A summary of findings table will be created using GRADEpro software.

### Comparison of primary studies included in reviews {#s3e2}

We will try to explain why studies are not included in individual reviews using the following criteria:The study was published after the date of the last search of the review.The study is mentioned as an excluded study in the review.The study is not mentioned as an excluded study, but it does not meet the inclusion criteria of the review.The study was missed in the review.Other (eg, studies awaiting assessment).Overlap between reviews.

We will estimate the overlap between different reviews in the same matrix of evidence using the covered area and corrected covered area (CCA) methods. A CCA ≥15 will be considered a very high level of overlap.[@R23]

Discussion {#s4}
==========

This overview of systematic reviews will summarise a substantial body of evidence addressing the effects of CPAP on a wide array of non-pulmonary outcomes.

We decided to include evidence from systematic reviews that contain RCTs for critical primary and secondary outcomes (eg, heart failure, blood pressure, long-term mortality and cardiovascular mortality) and systematic reviews derived for some specific outcomes (ie, surrogate outcomes, such as TNF-α and IL-6). In addition, the GRADE approach would downgrade or upgrade the evidence derived from RCT studies included in systematic reviews.

One of the limitations of this overview is the gap between systematic reviews and RCTs that have recently been published. Some of the biggest CPAP trials have just recently been reported, but they have not yet been evaluated in a systematic review or meta-analysis. In those cases, the evidence matrix provided by the Epistemonikos database will include new evidence and interested readers will be automatically notified of updates.[@R20]

Finally, this information will provide decision-makers with data at both the individual and policy levels and will help identify research gaps.

Ethics and dissemination {#s5}
========================

Ethics approval is not required. This review will be published in a peer-reviewed journal after a peer-review process. The results will provide information for future studies that clinicians could use to make individual decisions and that healthcare managers, administrators and policymakers could use to guide resource allocation.
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